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Abstract 
 
 
 
 This study investigates the relationship in frequency and demographics of calcaneal 
enthesophytes between the medieval Nubian population of Kulubnarti and modern-day Western 
societies in order to elucidate any influence that environment and activity may exert on the formation 
of heel spurs.  This investigation also examines the possible difference in activity patterns between the 
cemeteries and sexes of individuals at Kulubnarti using bioarchaeological analyses of calcaneal 
pathology.  Numerous hypotheses have been put forth by scholars as to the origin of heel spurs, yet a 
specific cause remains unclear.  The leading theories cite microtrauma and degenerative disease as 
developmental culprits for plantar exostoses and activity-related stress for dorsal exostoses.  For this 
reason, the medieval Nubian population of Kulubnarti, a society prone to higher levels of pedal trauma 
and stress, was examined.  The prevalence and demographics of afflicted individuals were recorded and 
compared to enthesophyte statistics of modern-day societies.  The calcaneal entheses of 98 individuals 
(n=194 heels) from two different cemeteries were inspected.  The presence or absence of heel 
exostoses, along with the length (in mm) of inferior exostoses, were recorded.  X-rays were also 
conducted on all mummified feet.  The data revealed that 50 (51%) individuals exhibited plantar spurs 
and 35 (35.7%) possessed Achilles tendon spurs.  These results exposed much higher frequencies than 
the average 11-16% prevalence observed in contemporary populations.  Inferior enthesophytes were 
more frequent in the mainland (R) cemetery, which was composed of the land owners; while dorsal 
enthesophytes were more prevalent in the island (S) cemetery, which comprised the working, lower-
class of society.  A significant positive correlation was also discovered between the frequency of 
inferior exostoses and age, whereas dorsal exostoses lacked a relationship to age.  The data suggest that 
7 
microtrauma and macrotrauma in connection with environment and activity-related stresses may be 
leading etiological factors in the formation of calcaneal enthesophytes.  Degenerative changes may also 
affect the development of plantar spurs.   
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Chapter 1 
 
Introduction 
 
 
 
 The purpose of this study is to compare the frequency and demographics of calcaneal 
enthesophytes in modern-day Western societies and the medieval Nubian population of Kulubnarti in 
order to elucidate the influence that environment and activity may have on the formation of heel spurs.  
It also examines the possible difference in activity patterns between the cemeteries and sexes of 
individuals at Kulubnarti using bioarchaeological analyses of calcaneal pathology.  An immense 
amount of literature exists on the origin of heel spurs, yet a specific cause remains ambiguous.  Thus 
far, research has focused primarily on contemporary societies utilizing a clinical framework.  The data 
derived from these examinations consistently exhibit a higher prevalence of plantar heel exostoses in 
groups associated with a modern-day lifestyle (obese persons, individuals who stand for long periods of 
time, and the elderly), suggesting inferior spurs are a contemporary phenomenon (Menz et al., 2008; 
Onwuanyi, 2000; Ozdemir et al., 2004; Weiss, 2012).  The data on Achilles tendon (dorsal) exostoses, 
on the other hand, suggest an activity-related cause, due to the greater frequencies observed in athletes.  
However, the examination of heel spurs in modern populations exclusively, which in general lead 
similar lifestyles and are subjected to similar pedal stresses, provides a fragmentary perspective on 
developmental factors.    
 Few studies have inspected calcaneal spurs in historical and archaeological populations, with 
even fewer of them fully devoting the investigation to the prevalence, demographics, and source of heel 
enthesophytes (Cermak and Kirchengast, 2014; Dutour, 1986; Galera and Garralda, 1993; Weiss, 
2012).  This minimal amount of information on the presence of calcaneal spurs in past civilizations has 
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produced a relative gap in the literature.  Knowledge of the prevalence and demographics of exostosis 
affliction in historical samples may allow speculation on etiology due to known correlated factors.  
Similarly, research on the differing topography and activities of past and modern populations may aid 
in elucidating the physical forces involved in spur formation. 
 This investigation examines the human remains of the medieval Nubian population of 
Kulubnarti.  This society represents an ideal group to study since the exceedingly harsh and dangerous 
topography characteristic of the region in which they resided is in stark contrast to that of the average 
modern population.  The daily traversal of the rough terrain commonly provoked  accidental falls and 
trauma and likely placed excessive strain on the pedal entheses of Kulubnarti individuals.  Thus, it is 
conceivable that in this population the repeated trauma exerted on the calcanei and associated 
anatomical structures provoked a higher number of heel spurs than that seen in modern societies. 
 The following three chapters provide essential background on heel enthesophytes and 
Kulubnarti.  Chapter 2 details foot anatomy with particular attention paid to the calcaneus and its 
corresponding connective tissues.  Relevant terminology concerning the pedal structures is also 
covered.  Chapter 3 discusses the background of calcaneal spurs.  This includes the history, hypotheses, 
modern and historical literature, and contemporary statistics on exostosis prevalence and the 
demographics of afflicted populations.  Chapter 4 provides information on the site of Kulubnarti and 
the people who lived there, as well as the geography of Nubia and the topographical features of the 
region surrounding Kulubnarti are described.  The pedal impacts that these features likely had on the 
population and the consequent implications on the development of calcaneal spurs are also discussed.    
Chapters 5 describes the materials and methods used, and Chapter 6 covers the results of the 
investigation.  Chapter 7 provides interpretations of the data described in chapter 6 and relates these 
statistics to the hypotheses discussed in Chapter 4.  The final chapter offers a conclusion to the study 
and suggestions for future research. 
10 
 This investigation represents one of a very few dedicated to the research of heel enthesophytes 
in an archaeological population.  To my knowledge, it is only the second to focus on both plantar and 
dorsal spurs in a bioarchaeological context, and the only study to consider topography in the etiology of 
calcaneal exostoses.  The information derived from this analysis will supplement an understudied 
feature in the literature on heel spurs, examine an unstudied aspect of the inhabitants at Kulubnarti, and 
provide a new method of reconstructing physical activity patterns in past populations. 
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Chapter 2 
 
Anatomy 
 
 
 
2.1 Chapter Overview 
 In order to attain a clear understanding of any involvement physical stresses may play in the 
formation of calcaneal enthesophytes, also called heel spurs or exostoses, knowledge of the calcaneus 
and its associated anatomical structures is essential.  Thus, this chapter covers the anatomy of the foot, 
including the composition of bones with a specific focus on the calcaneus and its related connective 
tissues. 
 
 
2.2 Bone Composition  
 The bones of the human body are composed of a hard exterior shell (cortical bone) and an 
internal three-dimensional structure of trabeculae, or cancellous (spongy) bone.  The surface of bones is 
covered by a dense fibrous membrane termed the periosteum (Dwek, 2010).  This feature consists of an 
inner and outer layer containing cells tasked with the formation (ossification) of new bone and 
resorption (disintegration) of old bone.  This action of producing and destroying osteocytes (bone cells) 
is a continuous and lifelong process.  It occurs during natural bone turnover and is fundamental to the 
repair and remodeling of osseous elements.  The internal trabeculae of bones are uniquely adapted to 
reshape in response to repetitive physical stressors.  These structures form an internal latticework that 
consist of plates, bars, and tubules which vary in thickness and connect to form dense networks of 
cancellous fibers (Mann, 1998).  These fibers realign along axes of high impact areas, thus providing 
12 
additional strength and protection against external forces.   
 
 
2.3  Plantar Foot Anatomy 
 The os calcis (calcaneus) is the largest bone in the foot and comprises the “heel” (Drake et al., 
2010).  It performs the most significant role in “transmission of weight, weight bearing, posture and 
gait” (Perumal, 2013).  The posterior (dorsal) region of the heel is termed the calcaneal tuberosity (See 
Figure 2.1 and 2.2) (Drake et al., 2010).  This feature contains the medial and lateral processes, or 
tubercles, which are located anterior to the tuberosity on the plantar (inferior) side (Drake et al., 2010).  
Both tubercles serve as attachment sites for several connective tissues and are the points where inferior 
heel spurs form.   
 The most superficial connective tissue on the inferior foot aspect is the plantar aponeurosis 
(PA), or plantar fascia.  This is a flat band of ligament that inserts into the medial process of the inferior 
tuberosity (See figure 2.3: A).  It is composed of longitudinally arranged fibers that support the arch of 
the foot (Drake et al., 2010).  At its calcaneal enthesis (attachment site), the PA is at its most narrow.  
As it courses outward, the aponeurosis thickens, reaching its maximum breadth at the central portion of 
the arch.  Thereon, it continues distally and separates into five slips, one for each toe (Forman and 
Green, 1990).  The main function of the PA is to maintain the foot arch (as mentioned above) and aid in 
absorbing forces at the midtarsal joints (Kim, 1995).  
 The plantar portion of the calcaneal tuberosity is also the insertion site for three muscles: the 
abductor hallucis, flexor digitorum brevis, and abductor digiti minimi (See figure 2.3: B).  The sole of 
the foot is comprised of four layers of muscles.  The three muscles mentioned above form the first and 
most inferior layer (Drake et al., 2010).  The abductor hallucis stems from the medial process adjacent 
to the plantar aponeurosis and flexor retinaculum (Drake et al., 2010) and runs along the inside of the 
13 
foot inserting into the base of the first phalanx of the hallux (Kosmahl, 1987).  This muscle is tasked 
with the abduction and flexion of the great toe (Drake et al., 2010).  The flexor digitorum brevis also 
originates from the medial tubercle, but is positioned superior to the PA (Drake et al., 2010).  It extends 
medially from the calcaneus to its point of division at the proximal metatarsal heads where four tendons 
arise and provide flexion for the four lateral toes (Drake et al., 2010).  The obliquely positioned 
abductor digiti minimi is wide at its base and emerges from both the medial and lateral processes 
(Drake et al., 2010).  It connects to the proximal phalanx of the fifth toe and is responsible for the 
abduction and plantarflexion of that digit (Forman and Green, 1990).   
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Figure 2.1.  Superior aspect of the right calcaneus.  The calcaneal tuberosity, medial and lateral 
processes are outlined in red.  
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2.  Lateral aspect of the right calcaneus.  The calcaneal tuberosity and lateral process are 
highlighted.  
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     A.                                                                                   B. 
 
 
Figure 2.3. Both images depict the plantar aspect of the foot.  (A) The plantar aponeurosis  (B) The 
abductor hallucis, flexor digitorum brevis, and abductor digiti minimi muscles. The enthesis of each 
connective tissue into the inferior calcaneal tuberosity is visible.   
 
 
 
2.4 Posterior Foot Anatomy  
 The Achilles tendon (AT), or calcaneal tendon is the thickest and strongest tendon in the human 
body (Doral et al., 2010).  It is a band of fibrous tissue that connects the gastrocnemius and soleus 
muscles (calf muscles) to the posterior calcaneal tuberosity (See Figure 2.4).  The Achilles insertion 
site is crescent shaped with medial and lateral protuberances.  It is highly specialized and functions to 
16 
dissipate stress exerted upon the region during gait.  This portion of the heel is circular, generally 
smooth, and contains an upper, middle, and lower section.  The AT attaches to the middle segment and 
extends to the borders of both the upper and lower areas.  The margin separating the middle and lower 
regions is the point of exostosis formation.  Positioned on either side of the Achilles and tangential to it 
are two fluid-filled sacs, or bursae (See Figure 2.5).  The retrocalcaneal bursa is situated between the 
tendon and the superoposterior calcaneus.  This sack acts as a cushion enabling the AT to move 
smoothly over the bone.  The subcutaneous bursa lies superficial to the tendon and just beneath the skin 
of the heel.  This serves as extra padding between the posterior portion of the Achilles and the outside 
world. (Doral et al., 2010) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
17 
 
Figure 2.4.  Posterior and lateral sides of the lower extremity.  The Gastrocnemius and Soleus calf 
muscles and the Achilles tendon are highlighted. 
 
 
 
 
Figure 2.5.  Medial portion of the lower extremity and foot.  The retrocalcaneal bursa and superficial 
bursa are shown in relation to the Achilles tendon and the calcaneus.  The Achilles-calcaneal enthesis is 
also displayed. 
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Chapter 3 
Literature Review and 
Background of Calcaneal Enthesophytes 
 
3.1 Chapter Overview 
 This chapter provides background on the etiology of calcaneal enthesophytes.  It details the 
history of heel spurs with particular attention paid to former and current developmental theories.  
Statistics are provided on inferior and dorsal exostosis prevalence, as well as co-morbid factors.  
Recent archaeological studies and their impact on our understanding of calcaneal spur formation are 
also described. 
 
 
3.2 Spur Morphology 
 Bone spurs are ossified outgrowths that occur at muscle and tendon insertion sites and generally 
protrude into surrounding soft tissues (Benjamin et al., 2006).  The most common location for 
enthesophyte formation is on the plantar and dorsal surfaces of the calcanei (See Figure 3.1: A and B, 
respectively) (Weiss, 2012).  These form sharp spicules, points, hook-like, or shelf-like bony 
protuberances.  They are located on one or both feet and frequently vary in size.  Inferior exostoses 
may arise from both the medial and lateral tubercles or be isolated to one.  Achilles tendon spurs can 
span the length of the posterior tuberosity or be confined to a single portion, most often the lateral side.  
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A: 
 
 
B: 
 
 
Figure 3.1. Lateral view of radiographs depicting the calcaneus of two separate specimens.  The 
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anterior portion of the bone is on the left and the posterior calcaneal tuberosity is on the right.  A: 
Plantar spur (Burial: R43).  B: Achilles Tendon spur (Burial: S225). 
3.3 History 
 As discussed above, the etiology of heel enthesophytes remains debatable.  The condition was 
first documented in 1900 by the German physician Plettner, who discovered the outgrowths during a 
routine radiograph and termed it “Kalkaneussporn,” or calcaneal spur (Plettner, 1900).  Not long after, 
six individuals with painful heels were found to have calcaneal exostoses and positive gonococcal 
cultures (gonorrhea), thus establishing the notion of a gonorrheal origin (Kohsmal and Kohsmal, 1987).  
This remained the preferred explanation until 1937 when Blokhin and Vinogradova reported 33 cases 
of heel spurs and a lack of venereal infections in any of the patients.  They posited, rather, that 
enthesophytes stem from overuse or bone abnormalities in the foot (Blokhin and Vinogradova, 1937).  
This idea of a biomechanical origin began a paradigm shift away from the long-standing belief of 
infectious disease as the primary culprit and toward intrinsic pedal attributes and one's lifestyle as the 
causes.  It also allowed for alternative explanations to be investigated. 
 In 1939, Bertani conducted a study of 18 patients with flatfoot (pes planus) and found that 40% 
of them displayed a calcaneal exostosis (Duvries, 1957).  That same year, Hauser stated “the constant 
pull of the fascial or muscle attachments to the bone produced a heel spur” (Duvries, 1957).  After 
some time, it was observed by Duvries (1957) that many patients included in these earlier studies were 
stocky or overweight.  Thus, he examined 37 individuals with enthesophytes in nearly equal numbers 
of males and females.  All of the women were deemed to be overweight, as were 70% of the men.  
Duvries also noted that many of the subjects displayed “marked pes planus and some eversion of the 
foot.”  He concluded that the cause of heel spurs was “undoubtedly mechanical.”  In 1942, heredity was 
also put forth as a causal factor after Gould found a spur in two individuals spread over two 
generations.  Other researchers have conceded their inability to determine a single etiology and instead 
have offered many.  For instance, Lewin (1959) stated that “focal infection, metabolic disturbances, 
21 
trauma, flatfoot, and short plantar fascia” may spark development.   
 Researchers later noticed that the location of heel spurs generally coincided with the plantar 
aponeurosis-calcaneal enthesis; the site of a very common and painful foot ailment termed plantar 
fasciitis.  This condition presents as inferior heel pain at the anterior portion of the medial tuberosity.  
Approximately 2 million people seek medical intervention for “heel pain” every year with the majority 
of cases diagnosed as plantar fasciitis (Tu and Bytomski, 2011).  Of these, around 50% will possess 
inferior exostoses (Tu and Bytomski, 2011).  Thus, the close anatomical association between heel spurs 
and plantar fasciitis and the seeming correlation of the conditions stimulated the theory that plantar 
fasciitis is caused by enthesophytes (Blume, 2015).  Due to this, a vast amount of etiological research 
has been conducted in an attempt to relate the two ailments.  In fact, it is difficult to find a study that 
does not look at one ailment without mentioning the other.  However, the cause of plantar fasciitis has 
remained as elusive as that of calcaneal spurs.  
 More recent theories for the development of plantar fasciitis, and more importantly, heel spurs, 
indicate mechanical stress as the primary culprit.  This stress or trauma-related hypothesis is 
multifactorial and can be divided into several distinct arguments.  One of these cites the basic function 
of the plantar aponeurosis and its interaction with the calcaneus.  Kosmahl and Kosmahl (1987) 
explained that the PA maintains arch support through a “closed kinetic chain situation.”  During 
dorsiflexion, the calcaneal tuberosity “tends to be pulled toward the forefoot by tension developed in 
the plantar fascia” (Kosmahl and Kosmahl 1987).  This pull of muscle or tendon on an insertion site 
may lead to the “continual detachment of the periosteum” inducing subperiosteal bleeding, 
inflammation, and a protective response from the bone, culminating in abnormal ossification (Lewin, 
1959).  Strain on an enthesis is also thought to induce microtrauma resulting in bone growth.  
Microtrauma refers to a “microscopic lesion or injury” (Mosby's Medical Dictionary, 2009).  When 
force is applied, pedal connective tissues are stretched, exerting pressure on the tissue fibers and the 
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calcaneal attachment.  This force can cause the filaments to tear and break away from the insertion site 
creating localized trauma.  In this situation, not only does the connective tissue sustain injury, but the 
calcaneus is affected, as well.   
 
 
3.4 Modern-day Etiological Theories 
 Currently, the two most widely accepted and debated stress-related theories regarding plantar 
spur formation are termed the longitudinal traction hypothesis and the vertical compression hypothesis 
(Menz et al., 2008).  In conjunction with the arguments put forth by Kohsmal and Kohsmal (1987) and 
Lewin (1959), the longitudinal traction hypothesis suggests that heel spur development is a reactive 
calcification at the plantar fascia enthesis due to repeated traction (pulling) and subsequent 
inflammation (Menz et al., 2008).  The constant pulling and straining that occurs during normal gait 
and higher stress activities, such as sports, exerts increased tension on the plantar aponeurosis-calcaneal 
attachment.  Hence, microtrauma and more severe injuries may occur, provoking osseous spurring.  
The horizontal protrusion of heel spurs outward from the bone and their tangential extension with 
inferior connective tissues also provides evidential support.  However, a vital component of this theory 
is the precise site of exostosis formation.  As described earlier, historically, enthesophytes were 
determined to originate from the PA enthesis, but recent research involving microscopic and 
histological studies has suggested that spurs instead may propagate from nearby connective tissue 
attachments, such as the plantar muscles, casting doubt on the longitudinal hypothesis but not refuting 
it (Li and Muehleman, 2007). 
 The exact location in which an exostosis develops is crucial in distinguishing between 
etiological hypotheses.  Despite this, there have been few studies conducted on the subject, and those 
few report a wide range of results.  Barrett et al. (1995) dissected the heels of 200 individuals and 
23 
observed around half to have spurs residing within the plantar fascia and the other half superior to it, 
whereas Kumai and Benjamin (2002) found that inferior enthesophytes occur superior to the PA but 
were not embedded within it.  Smith et al. (2007) also concluded that plantar exostoses remained above 
the PA, except they arose within the intrinsic musculature, specifically the flexor digitorum brevis and 
abductor digiti minimi.  This latter finding that a combination of connective tissues is the main cause is 
consistent with several other studies.  For instance, exostoses were found to originate from the entheses 
of the abductor digiti minimi and the flexor digitorum brevis (Abreu et al., 2003), the flexor digitorum 
brevis and the abductor hallucis (Forman and Green, 1990), and the flexor digitorum brevis and 
quadratus plantae (McCarthy and Gorecki, 1979).  These results challenge the longitudinal traction 
hypothesis and are referenced by scholars opposed to the theory (Li and Muehleman, 2007; Menz et al., 
2008, Weiss, 2012).   
 As a result, the vertical compression hypothesis has become the preferred stress-related 
etiological explanation for plantar spurs.  This theory states that downward compression is the decided 
factor, rather than tensile forces.  It posits that calcification occurs in order to strengthen the enthesis 
and protect the inferior attachments against microcracks from repetitive vertical stress (Menz et al., 
2008).  The greater prevalence of heel exostoses observed in the obese, individuals with decreased heel 
fat pad elasticity, and those that stand for long periods of time lends credence to this hypothesis.  Each 
of these (situations) contributes large amounts of downward pressure on already stressed pedal 
elements.  During normal gait, 80% of the force from a person's body weight is exerted on the heel 
(Weiss, 2012).  The calcaneal tuberosity receives the largest portion of this pressure (Ozdemir et al., 
2004).  In order to protect the heel and connective tissues against these stresses, the heel fat pad, which 
acts as a barrier between the calcaneus and the ground, is composed of highly specialized fat that aids 
in shock absorption.  Ozdemir et al. (2004) found, counterintuitively, that an increase in heel fat pad 
thickness in addition to a loss of elasticity lowers compressibility and resistance against vertical load.  
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Older and obese individuals are especially susceptible to this loss of elasticity (Onwuanyi, 2000; 
Ozdemir et al., 2004).  As individuals age, they experience degeneration of their heel fat pad, while the 
extra weight of obese persons places excessive strain on the fat pad, calcaneus, and connective tissue 
attachments.  Both of these conditions result in less elasticity and therefore an inability to protect 
against high impact pressures.  Repetitive microtrauma to the plantar region was also linked to a loss of 
fat pad elasticity (Ozdemir et al., 2004).  This combination of vertical force and lowered heel pad 
elasticity may incite defensive measures provoking enthesophyte formation.   
 Additional support for the vertical compression hypothesis is the perpendicular alignment of 
plantar spur trabeculae (Li and Muehleman, 2007).  Trabecular bone comprises a system of three-
dimensional latticework capable of altering its pattern and orientation along points of high pedal stress.  
According to Wolff's law, “bone adapts its external shape and internal structure in response to the 
mechanical forces it is required to support” (Prendergast and Huiskes, 1995: 152).  Thus, the formation 
of a dense fibrous network aligned along sites of high skeletal pressure strengthens the bone and 
provides added reinforcement.  This alignment changes throughout one's lifetime in a continuous 
response to new forces or loads (Prendergast and Huiskes, 1995).  In studies focusing on heel 
enthesophytes, the majority have determined that spur trabeculae are vertically oriented suggesting 
bone remodeling to be a reaction to vertical strain rather than horizontal traction (Li and Muehleman, 
2007) 
 Normal foot mechanics have also been cited as a potential cause of spur formation, yet are not 
addressed in the two hypotheses covered above.  During gait a natural shift in weight occurs between 
pedal elements.  The heel initially contacts the ground at a slightly inverted position (Li and 
Muehleman, 2007:954) followed by a “rapid calcaneal eversion” during pronation.  This results in a 
load transfer to the medial side (Hunt et al., 1995).  Li and Muehleman (2007: 954) speculate that 
“excessive medial loading of the calcaneus during pronation places excessive stress on the medial 
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calcaneal process over longer periods of time.”  Kosmahl and Kosmahl (1987) noted that during 
abnormal or extreme eversion, an increase in force is exerted upon the plantar fascial-calcaneal 
enthesis.  They suggested a chronic inflammatory condition could develop, leading to plantar fasciitis.  
Moreover, if these forces continue, over time the plantar fasciitis could stimulate repair and remodeling 
at the attachment site forming a spur. 
  
 
3.5 Achilles Tendon 
 The literature on the etiology of calcaneal enthesophytes is immense; however, the portion of 
this information specifically pertaining to Achilles tendon spurs remains limited.  This is largely due to 
the high prevalence of inferior heel pain and its correlation to plantar exostoses, thus creating a 
heightened need to discover a cause and develop treatment options.  Posterior heel pain in connection 
with a dorsal spur is a comparatively less common complaint and therefore has demanded lower 
attention from the clinical community.  Despite this apparent discrepancy in affliction, both types of 
spurs exhibit characteristically similar bony protrusions arising from a calcaneal enthesis.  This is 
suggestive of interrelated ailments derived from a similar source.  For this reason, etiological studies 
examining Achilles tendon spurs are often performed in conjunction with inferior exostosis research. 
 As with plantar enthesophytes, several hypotheses have been put forth as to Achilles tendon 
spur formation, ranging from activity-related trauma and foot mechanics to disease, yet a specific cause 
remains unclear.  Generally, dorsal spur development is considered to be stress-related with similar 
mechanisms acting upon the enthesis as those cited for the inferior calcaneus.  More specifically, 
posterior heel spurs are heavily correlated with physical activity and sports, such as running or 
jumping.  This is due to a higher prevalence detected in athletes and individuals of a comparatively 
younger age (as opposed to demographics for plantar spurs) (Muecke et al., 2007).  The distinct forces 
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at play are also debated; though, traction and tensile stresses are known to act upon entheses during 
motions inherent in exercise and are thus viable candidates (Johansson et al., 2012, Weiss, 2012).  
Irrespective of the specific force, high impact activities can exert intense pressure upon the Achilles-
calcaneal attachment site inciting repeated trauma.  In fact, Fiamengo et al., (1982: 210) suggested 
posterior ossification to be correlated with a process involving “repetitive microtrauma or macrotrauma 
to the tendon causing gross or microscopic collagen fiber disruption, resulting in scar formation, 
decreased vascularity and tendon elasticity.”     
 Interestingly, the leading etiological theories for both plantar and Achilles enthesophytes are 
indivisibly entwined to microtrauma, but the majority of contemporary studies speculate that the two 
types of heel spurs form due to differing factors.  This conclusion is illustrated in the significantly 
higher rates of plantar exostoses than dorsal spurs and their respective demographics in modern 
populations (discussed further in section 3.7) (Li and Muehleman, 2007; Weiss, 2012).  The 
relationship between these two forms of enthesophytes has been deemed “difficult to assess” (Weiss, 
2012).  The separate causation may in part be due to the plantar fascia being a strong fibrous 
aponeurosis and the Achilles tendon being a true fibrocartilaginous muscle insertion site (Weiss, 2012).  
Thus, the connective tissues vary in composition and their ability to absorb and sustain force.  The 
distinction may also reside in the varying levels of pedal impact experienced during gait and physical 
activities.  As stated previously, pronation and supination are intrinsic pedal factors which apply tension 
to connective tissue attachments.  Plantarflexion (downward motion) and dorsiflexion (upward motion) 
are also inherent aspects and can be exaggerated during activities such as running.  According to 
Fiamengo et al. (1982), dorsiflexion increases the pressure applied to the central Achilles tendon.  This 
force repeatedly applied to the area may provoke defensive calcification over time. 
 In contrast to the developmental theory of microtrauma, Benjamin et al. (2000: 576) suggest 
that Achilles tendon spurs can develop in the absence of “preceding microtears or any inflammatory 
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reaction.”  Rather, dorsal exostoses form by “endochondral ossification of enthesis fibrocartilage … as 
an extension of normal enthesis development” (Benjamin et al., 2000: 576)  This calcification results 
from vascular invasion of the tendon from the underlying bone marrow.  As the capillary invades, an 
opening develops in order to accommodate the growth inciting bone to deposit along the groove 
producing a spur.  Benjamin et al. (2000) contradictorily reported that in a previous study they observed 
two types of microtearing damage at the AT: transverse and longitudinal, both resulting in fissures that 
filled with tissue and indeterminate material which subsequently calcified.  The researchers determined 
the newly calcified matter resembled an enthesophyte, yet lacked osteocytes.  On the other hand, 
several studies have suggested disease as a developmental co-factor.  For instance, Johansson et al. 
(2012) found dorsal exostoses to be present in persons with various articular and rheumatic diseases.  
Whereas Fiamengo et al, (1982: 210) speculated that AT spurs “may be the result of degeneration of 
connective tissue … or the result of a primary crystalline deposition disease.”   
 
 
3.6 Degenerative Disease  
 The most widely accepted theory that does not attribute calcaneal enthesophytes to specific 
stress-related forces is that degenerative disease causes the condition.  Of the numerous studies 
performed on the etiology and prevalence of heel spurs in modern populations, the majority find a 
significant correlation between exostosis presence and increasing age (see below) (Kumai and 
Benjamin, 2002; Menz et al., 2008; Tuomi et al., 2014; Weiss, 2012).  Prior to histological 
investigations, the term degenerative disease implied physiological changes stemming from the normal 
aging process.  Following the introduction of advanced techniques capable of examining tissues at the 
cellular level, in-depth analyses have been conducted regarding the specific degenerative changes 
affecting pedal elements (Kumai and Benjamin, 2002; Li and Muehleman, 2007).  However, most of 
28 
these studies have focused on the plantar aponeurosis in relation to inferior enthesophytes.  Several 
investigations inspected samples of surgically removed plantar aponeuroses and detected a marked 
deterioration of collagen due to mucoid degeneration of dense collagenous tissue and a loss of collagen 
architecture (Kumai and Benjamin, 2002; Smith et al., 2007).  Lemont et al. (2003) discovered myxoid 
degeneration and fiber fragmentation to be present in fascia samples.  Kumai and Benjamin (2002) 
examined the plantar aponeuroses of cadavers and surmised that enthesophyte development is preceded 
by degenerative changes within the tissue, including notable fissuring and mucoid deterioration of 
collagen. 
 
 
3.7 Enthesophyte Statistics 
 Elucidating calcaneal spur etiology relies heavily upon the demographics in which they are 
manifested and the circumstances in which they appear.  Thus far, the literature on heel exostoses has 
predominantly focused on contemporary societies using a clinical framework.  This practice sheds light 
on the modern-day ailment, but does little to provide a comprehensive understanding of the natural 
history of the condition.  The co-morbid factors investigated in these studies suggest that heel spurs, 
specifically plantar, are a modern-day phenomenon based upon lifestyle.  This conclusion is derived 
from the noticeably higher prevalence of enthesophytes in obese and older individuals and persons who 
stand for long periods of time on hard surfaces (often due to their occupation) (Smith et al., 2007).  
These conditions would have been less likely to be present in historical or archaeological populations 
owing to a food shortages, shorter life spans, and the absence of obligatory activities requiring standing 
for hours on ground akin to concrete.  Few studies have examined calcaneal spurs in historical or 
archaeological populations and only one has inspected both plantar and dorsal spurs.  The most 
comprehensive study which investigated both types of enthesophytes was performed by Weiss (2012) 
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on prehistoric hunter-gatherers from California.  The next most thorough study was conducted by 
Cermak and Kirchengast (2015) on the 19th century San and Khoi populations of Africa.  The other two 
analyses focused on bone spurs throughout the body with minimal attention paid to calcaneal spurs 
(Dutour, 1986; Galera and Garralda, 1993).  Ultimately, each investigation refuted the contemporary 
lifestyle hypothesis, yet found similar and differing results.   
 On average, plantar enthesophytes arise in 11-16% of asymptomatic, modern-day populations 
(Weiss, 2012).  A few studies have reported higher numbers than this, but these examined specific 
groups of people with preexisting co-morbid factors or conditions known to be highly correlated with 
heel spurs (such as heel pain), or they include the combined percentage of inferior and dorsal spurs.  
For instance, Tuomi et al. (2014) examined a sample of 100 patients from a trauma clinic and 
concluded that 38% exhibited at least one type of spur.  Fakharian and Kalhor (2006) inspected the 
calcanei of 625 persons and discovered 33% also displayed at least one type of spur.  Additionally, 
Menz et al. (2008) aimed to establish the relationship between spur presence and age which is one of 
the most highly correlated factors in the development of inferior exostoses.  Thus, the authors assessed 
216 people aged 62-94 years old and found that 55%  possessed at least one plantar spur and 48% had 
at least one Achilles spur.  This sample was obviously not random and, in fact, included individuals 
exceeding the age when other investigations have shown enthesophytes to reach their greatest 
frequency.  For example, Banadda et al. (1992) uncovered a peak occurrence at the age of 50.  
Benjamin et al. (2006) noted a marked escalation after age 60 and Tuomi et al. (2014) found it to be at 
70 in females and older in males.   
 The historical study conducted by Cermak and Kirchengast (2015) inspected 54 individuals 
from the San and Khoi populations and discovered plantar spurs in 9.6% of the sample (5 individuals), 
which is lower than modern-day averages.  However, their age data generally coincided with other 
studies, showing 20% of this total to be attributed to individuals aged 40-60 years old (3 individuals), 
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while only 6.2%  belonged to younger age groups (2 individuals).  Dutour (1986) found one plantar and 
one dorsal spur in a single “mature adult” (2.4%) out of 41 individuals.  While Galera and Garralda 
(1993) only examined Achilles tendon exostoses and discovered 11 (15%) out of 70 individuals (no age 
data was given). 
 Weiss (2012) investigated the presence of inferior and dorsal enthesophytes in 117 skeletons of 
prehistoric hunter-gatherers and observed the opposite trend of contemporary societies and Cermak and 
Kirchengast (2015).  Weiss (2012) found a prevalence of 34.2% including both types of exostoses.  
Interestingly, individuals possessed more dorsal spurs (24.7%) than plantar spurs (3.4%) also in 
contrast to contemporary data.  These data were attributed to the active lifestyle of the population.  
Although not likely to be overweight, they walked long distances for food and to engage in trade.  Of 
note, the hunter-gatherers had an average age at death of 37.2 years for females and 32.2 years for 
males with many of the individuals exhibiting enthesophytes in their 30s.  This suggests that plantar 
exostoses may be a more modern phenomena while dorsal spurs may be more activity-related.  Maffulli 
et al. (2012) corroborated these findings and stated that Achilles tendon spurs are more rare than plantar 
enthesophytes since they are caused by physical activities, whereas inferior spurs are due to other 
stresses, such as body weight and standing for hours.  
 Obesity has one of the strongest associations with calcaneal enthesophytes in modern 
populations.  Onwuanyi et al. (2000) analyzed 123 individuals with heel pain, a known highly 
correlated factor, and found 50% to display heel spurs with 78% of persons (96 individuals) to be 
considered overweight.  Menz et al. (2008) also found that out of 216 participants with high rates of 
exostoses, 45% were obese.  For undetermined reasons, numerous studies have also found a sex 
difference in enthesophyte formation (with females regularly presenting with more).  For example, 
research conducted by Banadda et al. (1992), Fakharian and Kalhor (2006), and Reipert et al. (1996) 
identified more heel spurs in females.  In contrast, Cermak and Kirchengast (2015), Menz et al. (2008), 
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and Weiss (2012) discovered no significant sex variation.   
 Some studies have also attempted to discern whether an association exists between calcaneal 
exostosis length and presence.  One method, introduced by Ozdemir et al. (2004), measures 
enthesophytes in millimeters from the base of the spur to its tip and places them into categories of 
general size.  These categories divided the exostoses into: small (1-2 mm), medium (3-5 mm), and large 
(6+ mm).  A correlation between heel pad compressibility and thickness and the size of spurs was 
determined, but the results were deemed insignificant.  Smith et al. (2007) also used this method and 
determined all participants displayed a spur length ranging between 6-9 mm.  This size was considered 
large in comparison to the classification proposed by Ozdemir et al. (2004), yet no other interpretations 
were provided.  Tuomi et al. (2014) veered from the system discussed above and designated 
enthesophytes as small or large.  Heel spurs were considered small if there was any variance from the 
normal contour of the calcaneus and large if there was a “prominent peak or peak with sub-structure 
present.”  The outcome of these measurements revealed a considerable number of small spurs in 
individuals over 30 years old and  no large spurs in persons under 40 years old.  Based upon these data, 
Tuomi et al. (2014) suggested that enthesophytes take a long time to develop, adding credence to the 
age-degeneration hypothesis.  
 
 
3.8 Summary 
 This chapter discussed the ongoing etiological debate regarding calcaneal spur formation.  
Numerous historical hypotheses and the current leading theories were enumerated and debated.  
Microtrauma and degenerative disease are the best supported causes, but a deep-rooted ambiguity 
remains.  Technological advances have allowed for more extensive and detailed investigations to be 
conducted at the cellular level.  The introduction of two studies on historical and archaeological 
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populations has also provided new and valuable insight into the origins of the ailment and the influence 
co-morbid factors wield.   
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Chapter 4 
Kulubnarti Background 
   
4.1 Chapter Overview 
 This chapter presents the geography of Nubia, the Batn el Hajar, and the site of Kulubnarti.  
The history of the region as it pertains to the population is detailed, including their conversion to 
Christianity and evasion of Islamic conquest.  A large portion of the information known about 
Kulubnarti originated from the excavation of two cemeteries located at the site.  The skeletal collection, 
demographics and pathologies therein, and state of preservation are discussed.  The harsh topography 
of the region is also considered in regards to its impact on the people of Kulubnarti.  The chapter ends 
with a brief description of this study's hypotheses as they specifically relate to Kulubnarti.  
 
 
4.2 Geography  
 The archaeological site of Kulubnarti is situated along the Nile River approximately 80 miles 
south of the Egyptian border in Sudanese Nubia (See Figure 4.1) (Van Gerven et al., 1981).  Ancient 
Nubia covered a vast area of northeastern Africa, extending from Aswan, Egypt in the north to 
Khartoum (the modern-day capital of Sudan) in the south and stretching from the Libyan desert in the 
west to the Red Sea in the east.  Traditionally, Nubia was divided into upper and lower halves bordered 
on its northern and southern edges by cataracts (rapids).  It is known as the “land of the six cataracts,” 
denoting points along the river marked by steep, winding, granite canyons that produce dangerous and 
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unnavigable waters.  Upper Nubia was located in northern Sudan between the Second and the Sixth 
Cataracts.  Lower Nubia occupied the land between the first and second cataracts in modern-day Egypt.   
 Despite the far-reaching boundaries of Nubia, settlements concentrated along the Nile River 
since it provided nearly the entirety of the arable land in the region.  The Batn el Hajar, or “Belly of 
Rock,” is a 100 mile long stretch of land between the Second and the Dal Cataracts and is known to be 
a particularly harsh environment (Adams, 1977).  The territory is marked by a rough and rocky 
landscape that has been referred to as the “most rugged and inhospitable terrain along the entire course 
of the Nile” (Adams, 2011: 1).  The ground is strewn with large granite boulders intermixed with 
desolate stretches of sand.  There is minimal natural vegetation and the riverbanks are often steep with 
thin pockets of fertile alluvium.  These conditions make cultivation considerably more difficult and 
hazardous than at other points on the river.  Consequently, the Batn el Hajar supports nominal 
populations today. 
 Kulubnarti, or the “island of Kulb,” is located in the Batn el Hajar region just north of the Dal 
Cataract (Adams, 1977).  Regardless of the name, Kulubnarti was originally not a true island except for 
a few weeks out of every year during the annual Nile flood.  Otherwise, the west bank remained 
continuous with the mainland.  The construction of the Aswan High Dam in Egypt altered the 
landscape by forming Lake Nubia (Lake Nassar in Egypt) and flooding various points along the Nile 
(See Figure 4.2).  Kulubnarti is positioned at the southern end of this lake and received substantial 
water level rise, as well.  The dry channel previously connecting Kulubnarti to the mainland was 
inundated and currently remains that way for the majority of the year.  The present-day island measures 
approximately two kilometers from north to south and one kilometer from east to west.    
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Figure 4.1. Map of Nubia.  This image depicts the location of Kulubnarti, the Batn-el-hajar, Nile River, 
and six cataracts situated along the river.  The modern border separating Egypt and Sudan is also 
shown. 
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Figure 4.2. Map of Lake Nubia (Lake Nassar) 
 
 
 
4.3 The Christian Period at Kulubnarti 
 Since the Neolithic, Nubia has enjoyed close cultural, political, and economic ties with Egypt, 
their northern neighbor (Adams, 1977).  Besides the geographic proximity to Egypt, Nubia was 
considered the “land between” (Van Gerven et al., 1981) and the “corridor to Africa” (Adams, 1977).  It 
was the region separating the Mediterranean civilizations from those in central and southern Africa.  
The Nile River facilitated the spread of goods, people, and ideas through travel and trade, enabling the 
exertion of influence along its banks.  Thus, once Egypt converted to Christianity, the religion quickly 
disseminated down the Nile arriving in Nubia shortly thereafter.  The adoption of the faith by Nubians 
was also swift and was complete by the end of the sixth century C.E. (Adams, 1977), though. 
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Archaeological evidence suggests Kulubnarti accepted the religion earlier, around 550 C.E (Adams, 
1977).     
 Almost as soon as Egypt converted to Christianity, they were invaded by Arab armies and 
overpowered in the 7th century (Adams, 1977).  Following Egypt's subjugation, the Arabs advanced 
south into Nubia, converting settlements along the way.  Their armies continued down the Nile making 
it as far south as Dongola, the Christian capital of Nubia, where they met resistance and were defeated.  
A second campaign ensued in 651-652 C.E. provoking another battle in Dongola (Adams, 1977).  The 
victors of this encounter are debated among scholars; but in either case, the Baqt treaty was enacted and 
a truce generated (Adams, 1977).  The treaty remained intact until 1323 when the Christian king of 
Nubia was dethroned by a Muslim prince, ultimately ending Christianity as the official religion of 
Nubia.  However, Christian communities persisted in extremely remote areas, such as the Batn el 
Hajar, until perhaps the 16th century (Adams, 1977).  The harsh terrain and isolation of the region 
created a “natural and political buffer zone.”  Kulubnarti's later conversion date is a testament to the 
“sufficiently hazardous” conditions of the Batn el Hajar in obstructing Islamic expansion.  Indeed, 
Kulubnarti “was likely one of the last Christian villages in Nubia.” 
 Archaeological excavations at Kulubnarti indicate a continual occupation from approximately 
550 C.E. to modern times (Adams, 1977; Van Gerven et al., 1981).  This is evident in the architecture 
and artifacts discovered at the site, as well as in the modern population residing there.  Investigations 
conducted at the site's two cemeteries also suggested a chronology, which is detailed below.   
 
 
4.4 Cemetery Excavations 
 Initial excavations at Kulubnarti were carried out in 1969 by the University of Kentucky.  The 
focus of the expedition was on the architectural and artifactual remains of three habitation sites 
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(Adams, 1999).  Toward the end of the study, researchers utilized extra time to explore portions of two 
cemeteries.  These excavations were minimal and the skeletons remained physically undisturbed.  
However, it was observed that many of the bodies displayed remarkable preservation.  This prompted a 
large scale examination of the Kulubnarti cemeteries in 1979.  The investigation was a joint effort 
between the University of Colorado and the University of Kentucky, led by Dennis Van Gerven 
(Adams, 1999).  Two cemeteries were excavated: the island cemetery (21-S-46, or the “S” cemetery) 
and the mainland cemetery (21-R-2, or the “R” cemetery) which resulted in the disinterment of 406 
individuals: 218 from the island and 188 from the mainland (Van Gerven et al., 1981).   
 The S (island) cemetery contained approximately 300 graves and was carved into a dry wadi on 
the west side of the island.  The R (mainland) cemetery possessed upwards of 600 graves and was 
located on the Nile's west bank just south of the island.  It was dug into alluvial soils with the main area 
of exploration in an “outwash of a small wadi” (Adams, 1999).  Both were positioned in areas high 
above the riverbed, likely allowing each to avoid flooding within the last two millennia.  Therefore, 
besides the negligible rains received in the area, the bodies would have remained dry.  This aridity 
impeded bacterial growth and allowed for the human remains to undergo natural mummification, as 
many retained their skin, hair, and nails (See Figure 4.3).  Numerous artifacts were also well-preserved, 
including but not limited to textiles, sandals, tools, and pottery.   
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Figure 4.3. The mummified remains of a female from Kulubnarti. 
 
 
 
4.5 Archaeological Discoveries 
 The skeletons recovered from Kulubnarti are currently stored at the University of Colorado 
Boulder where they have undergone extensive research.  The collection is comprised of females and 
males ranging in age from seven months in utero to 51+ years old (Van Gerven et al., 1981).  Sex 
determination was performed utilizing pelvic morphology and preserved tissues and hair wherever 
possible (Van Gerven et al., 1981).  Age at death was ascertained by Van Gerven et al. (1981) through a 
full seriation of individuals, analysis of dental eruption and degradation, as well as degenerative and 
pubic symphysis changes.  In-depth analyses of mortality, life expectancy, disease, and nutritional 
stress were also conducted.  These studies have demonstrated a consistent difference among the two 
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cemeteries, with the island community exhibiting higher degrees of overall stress (Van Gerven et al., 
1995).   
 Early archaeological interpretations suggested the health disparities observed were due to a 
temporal separation, with a short overlap in time periods.  The island cemetery (S) was deemed to be 
Early Christian (550-750 C.E.), and while the mainland cemetery (R) contained some Early Christian 
burials, the majority seemingly stemmed from Classic Christian times to today (750 C.E.- Present-day) 
(Van Gerven, 1981; Sandberg, 2015).  These chronologies were based upon analyses of grave 
superstructures, artifacts discovered within the burials, and body orientation.  A diachronic explanation 
implied that both communities were similar culturally and politically but that the island (earlier) 
population was more impoverished and less healthy.  However, radiocarbon dating and the recent 
examination of textiles from both cemeteries has determined that each was in fact Early Christian in 
age (Adams and Adams, 2006).   
 As a result of the island and mainland communities being contemporaneous neighbors, the 
differences in health, mortality, and wealth suggest the island population may have constituted an 
underclass (Adams and Adams, 2006).  One line of evidence is seen in the architectural ruins on 
Kulubnarti island.  The houses appear to have consisted of little more than shacks.  Their church was 
said to be the “crudest church ever built in Nubia” (Adams and Adams, 2006).  Comparatively, the 
homes on the mainland revealed sturdy masonry.  The inhabitants also enjoyed a well-constructed 
church complete with mortared brick and murals (Adams, 1977).  The burial shrouds discovered at 
both cemeteries differed in quality and general availability of the fabrics, as well.  The S cemetery 
included a higher percentage of wool originally crafted in Kulubnarti.  The R cemetery also featured 
wool; however, it possessed larger amounts of cotton and linen, both of which were more costly and 
likely imported (Adams and Adams, 1999).  This economic inequality can be explained by the island 
population being composed of “landless itinerants” who worked for their landholding counterparts on 
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the mainland (Adams and Adams, 2006). 
 Besides the architectural evidence, the discrepancies in health and survivorship between the two 
populations suggest that the island consisted of the working, lower-class, also.  The average age of 
death on the island was 10.6 years old compared to 18.9 years old on the mainland (Van Gerven et al., 
1981).  Individuals in both cemeteries experienced systemic nutritional stress throughout childhood, 
especially during crucial transitions such as weaning (Sandberg et al., 2014; Sandberg and Van Gerven, 
in press).  This is apparent by the presence of linear enamel hypoplasias (growth disruptions in tooth 
enamel) observed in the cemeteries (Van Gerven et al., 1990).  Nonetheless, this condition is more 
frequent in the island population.  The higher prevalence of cribra orbitalia (a type of nutritional 
deficiency) in the S cemetery (94% of children from 'birth-12 years') versus 82% from the R cemetery 
also indicates S cemetery individuals were more economically and nutritionally impoverished (Mittler 
and Van Gerven, 1994). 
 
 
4.6 Topographical Features and Pedal Implications 
 As mentioned above, the Batn el Hajar is a notoriously inhospitable region.  The rocky 
topography and steep slopes along the Nile's riverbanks not only made subsistence difficult, but 
dangerous for the people of Kulubnarti, as well.  This is evidenced by the studies conducted by Burrell 
et al. (1986) and Kilgore et al. (1997) which discovered a high rate of fractures in the population.  Both 
studies inspected the long bones of individuals and found breaks in varying numbers in all types of 
osseous elements.  However, the most frequently affected bone was the ulna, followed by the radius.  
Causal interpretations for forearm lesions are highly dependent on the position of the injury and which 
bone is affected.  Mid-shaft breaks of the ulna (parry fractures) with an absence of radial damage are 
characteristic of interpersonal violence, especially when on the left side of the body (Ortner and 
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Putschar, 1985).  The Kilgore et al. (1997) study found that 13.1% of the ulnae included in the 
investigation displayed fractures.  However, 23.1% of forearm breaks involved both the ulna and 
radius.  In cases where both osseous elements are involved, accidental falls are more likely the culprit.  
This fracture pattern is observed when “falling on outstretched hands with the forearm pronated” 
(Kilgore et al., 1997).  Thus, the frequency and pattern of fractures involving both the ulna and radius 
present in the Kulubnarti suggests a high rate of falls (Burrell et al., 1986; Kilgore et al., 1997).  The 
pervasiveness of fractures in all types of long bones implicates incidental trauma, as well. 
 This conclusion is also supported by the rough terrain of Kulubnarti.  The boulder-laden ground 
would have proven hazardous to cross, making accidental falls relatively common (See image on Title 
Page and Figure 4.4).  Exacerbating the situation was that nearly all activities were centered around the 
Nile and along its steep banks.  Every able individual was expected to assist in subsistence tasks and 
thus would have been required to traverse the terrain and climb the riversides multiple times a day 
(Kilgore et al., 1997).  The inhabitants also carried items on these treks, such as infants, water buckets, 
and tools.  These circumstances would have made falls an “unavoidable fact of life” (Kilgore et al., 
1997:112).   
 As with most falls, especially ones severe enough to fracture a bone, it can be assumed that a 
person's feet or ankles would be affected, as well.  The intensity of the injury could range from simple 
microtrauma to severe damage.  At any point along this spectrum, the pedal structures and calcaneal 
entheses would undergo stress, at the very least.  In the event that an individual fell numerous times 
throughout their life, which was a distinct possibility due to the terrain, pedal attachment sites would 
have been subjected to repetitive and potentially intense external forces.  Furthermore, due to the daily 
traversal of the terrain, a person's calcaneal entheses would have been expected to endure repeated 
microtrauma.  While walking over rocks and sand, the foot naturally pronates and supinates due to the 
uneven surface.  Depending on the intensity of the ground irregularity, this action could easily become 
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excessive, causing overpronation and oversupination.  This repetitive stress, coupled with occasional 
mild to extreme trauma, may trigger the body's response to strengthen the insertion sites through 
ossification.  
 
 
 
 
 
 
 
 
 
 
Figure 4.4. The boulder-laden landscape surrounding the island (S) cemetery. 
 
 
4.7 Hypotheses 
  For the above stated reasons, the inhabitants of Kulubnarti represent an ideal population to 
study causal factors of calcaneal spurs.  Their unique environment and physically stressful activities set 
them apart from modern Western populations.  Due to these circumstances and the increased 
requirement for pedal entheses protection, it can be predicted that a high prevalence of heel 
enthesophytes would be present at Kulubnarti.  Moreover, the repeated microtrauma endured over a 
lifetime and beginning at a young age might also induce heel spur formation earlier than modern 
populations (average onset is 60+ years old) and produce a marked increase in prevalence as one ages 
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(Weiss, 2012).   
 The differing activities between the island and mainland cemeteries would presumably have an 
effect on their respective enthesophyte rates also.  The island, potentially comprising members of the 
working class, is expected to exhibit a higher number of spurs than the mainland and larger frequencies 
of dorsal exostoses in particular, due to the more intense workload.  However, since the activity levels 
between both sexes within their respective cemetery is thought to have been fairly similar, then the 
likelihood of falls and subsequent trauma, as well as the amount of pedal stress from regularly 
traversing the terrain, should also be similar (Kilgore et al., 1997).  Therefore, the number of heel 
enthesophytes observed between the sexes in their specific cemetery is expected to display little, if any, 
significant difference. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
45 
 
 
Chapter 5 
 
Materials and Methods 
 
 
 
 
5.1 Materials and Methods 
 
 This study investigated the calcanei of 98 individuals from the medieval Nubian site of 
Kulubnarti.  The skeletal collection was excavated from two cemeteries (21-R-2, “R,”  and 21-S-46, 
“S”) by a team of researchers from the University of Colorado Boulder and the University of Kentucky 
in 1979 (Van Gerven et al., 1981).  The dry and partially mummified remains of 406 individuals were 
recovered and are currently stored at the University of Colorado Boulder (Van Gerven et al., 1981).   
 The skeletal sample utilized in this study was determined based upon the cemetery, age, and sex 
of individuals.  Any specimens with absent calcanei were excluded.  The minimum age was set to 20 
years old; thus, test subjects ranged from 20–51+ years old.  The ages of all persons in the collection 
were established by Van Gerven through a full seriation, analysis of dental eruption and degradation, as 
well as degenerative and pubic symphysis changes (Van Gerven et al., 1981).  The designation of 
“51+” is the uppermost limit in which age could be determined with confidence.  Therefore, persons 
with this classification may be much older.  The goal of this study was to examine 100 specimens with 
an equal sex distribution of 25 males and 25 females from each cemetery.  However, exactly 25 males 
from the S cemetery met the above stated qualifications and two of these individuals were missing both 
of their calcanei.  For this reason, each “S” male was included in the investigation, totaling 23 
specimens.  All other eligible specimens were chosen using a random sample generator.  This resulted 
in 25 females from both the R and the S cemeteries, 25 males from the R cemetery, and 23 males from 
the S cemetery. 
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 The objective of this study was to determine the total number of plantar and dorsal 
enthesophytes, their size, and the demographics of the affected population.  Thus, the calcanei of all 98 
individuals were thoroughly examined and each category closely recorded.  Two individuals possessed 
only one calcaneus each (21-S-46, Burial:163 and 191), and they were singly documented.  A large 
portion of the calcanei were partially or fully mummified with a greater number originating from the R 
cemetery.  Every mummified heel and several non-mummified ones were examined radiologically, 
resulting in 67 foot x-rays.  The DR Quantum DRX-1 x-ray machine was used at Wardenburg health 
center on the University of Colorado Boulder campus.  Images were set to 60 kvp and 2.1 mAs.  
Lateral radiographs were performed on all feet and used to identify both types of heel spurs.  In 
situations of limited visibility of the posterior tuberosity, oblique x-rays were conducted.  Individuals 
exhibiting either kind of exostosis were noted, as was the side on which it appeared.   
 The unhindered view of the calcaneal tuberosity in dry heel bones allowed for visual and 
palpable examination.  In order to definitively determine whether an enthesophyte was present, four 
podiatrists were consulted who were brought several calcanei to examine in their offices.  Plantar spurs 
were easily discerned.  However, the diagnosis of Achilles tendon exostoses varied between doctors.  
The majority of podiatrists wavered on whether to diagnose the smaller growths as spurs.  Rather, that 
it would be up to the observer to ultimately determine their presence, as an argument could be made for 
either interpretation.  Many of the calcanei in the Kulubnarti collection displayed these ambiguous 
ossifications, often resembling small spicules appearing to be at the beginning stages of formation.  
These were not counted as dorsal spurs.  Instead, only the heels with enthesophytes large enough to be 
difficult to dispute were marked as present.   
 Each dry calcaneus containing an exostosis was documented as was its type and the foot in 
which it was located.  If the bones were too severely broken at the point of normal spur development, 
the individual was recorded as having no spur present.  In cases where enthesophytes were damaged or 
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broken, but their previous existence could be definitively discerned, the spur was noted as present.  
Every dry heel exhibiting an exostosis was photographed against a black background with the burial 
number and a ruler in the image.  All x-rays included a ruler, as well.  Plantar spurs were measured 
manually and in ImageJ utilizing both the photographs and x-rays.  The measurement model used was 
from Menz et al. (2008) and Ozdemir et al. (2004) but was modified for this study's purposes.   
 For each calcaneus, I used the drawing tool in ImageJ and traced along the inferior margin of 
the bone, continuing through the base of the spur, where the edge of the heel would have normally 
existed.  Then using the application's ruler, I set the line measurement to coincide with one millimeter.  
In order to obtain an exact measurement of enthesophyte length, I used the angle tool to determine the 
midpoint of the base of the spur.  This was accomplished by placing the uppermost end of the angle at 
the point where the superior edge of the exostosis met the inferior surface of the tuberosity.  The line 
was extended to the distal tip of the spur and back to the inferior margin at the point it touched the 
calcaneus.  Based upon this, an angle measurement was provided, allowing me to draw a line from the 
distal tip of the enthesophyte to the exact middle point of the spur (See Figure 5.1).  ImageJ then 
provided the length of the spur in mm.  This process was performed on every foot with an exostosis and 
the measurements were documented indicating the size and the foot in which it appeared.  Additionally, 
I measured the size of both calcanei for every individual possessing at least one spur.  This was done by 
measuring from the posterior-most point of the tuberosity to the anterior-most point of the heel bone. 
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Figure 5.1. Example measurement of a plantar enthesophyte.  The inferior margin of the bone was 
traced and a line drawn from the distal point of the spur to its base. (Burial: S104) 
 
 
 
 After the data were collected, I entered the information into JMP (a statistical program).  The 
figures for enthesophyte presence and size, calcaneal size, and age were tested against a combination of 
both cemeteries, individual cemeteries, and the sex of individuals.  These examinations were performed 
in order to determine any significant correlations between factors.  Linear fit models were produced to 
evaluate relationships between heel spur length and calcaneus length in regards to both sexes and 
cemeteries.  T-tests were also conducted to examine the difference in plantar spur length and calcaneal 
spur length between the sexes. 
 The age of persons with exostoses was cross-referenced with the cemeteries and the sex of 
individuals, as well.  Logistical regressions with age as a continuous variable and contingency tables 
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with age binned into groups of ten years (20s, 30s, 40s, 50s) were conducted.  The total number of heel 
spurs present in males and females in both cemeteries, and separated into their respective cemeteries, 
was also determined.  Correlations in the data were discovered using contingency tables and Pearson's 
chi-square tests.  The probability data provided in all of the analyses discussed above, along with the 
tables and graphs produced, were evaluated and significant relationships were documented and are 
discussed in the next chapter. 
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Chapter 6 
 
Results 
 
 
6.1 Results 
 
 The relationship between calcaneal spur length and calcaneal bone length within the cemeteries 
and sexes was tested using linear regression.  The mainland (R) cemetery exhibited associations 
between the two measurements, whereas the island (S) cemetery did not.  In the R cemetery, the right 
exostosis length is significantly correlated to the right calcaneus length (P=0.03), but the relationship is 
weak (R²=0.23).  The left spur and left calcaneus measurements approach significance in the R 
cemetery (P=0.08), but the effect is also weak (R²=0.15).  The other analyses of this subset showed no 
significant relationships (i.e. left spur to left calcaneus length in the S cemetery, both cemeteries, 
females, and males; and right spur to right calcaneus length in the S cemetery, both cemeteries, 
females, and males).   Analyses on the size of inferior enthesophytes between both cemeteries also 
lacked a significant relationship.  There was no correlation between the length of plantar spurs and age.  
When comparing the size of exostoses between the sexes, the males, on average, do not exhibit 
significantly longer enthesophytes than females (See Figure 6.1).  However, males possess significantly 
longer calcanei (P<0.0001) (See Figure 6.2).   
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Figure 6.1. Length of left enthesophytes in females and males. 
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Figure 6.2.  Length of the left calcaneus in females and males. 
 
 
 The relationship between the frequency of plantar and dorsal exostoses and age was analyzed 
using logistical regression and chi-square tests.  Plantar heel spurs displayed a significant positive 
correlation with age in every group that was evaluated.  These include the following: R and S 
cemeteries combined (P<0.0001) (See Figure 6.3: A and B); R cemetery (P=0.0003); S cemetery 
(P=0.0037); males in the R and S cemeteries combined (P=0.0013); females in the R and S cemeteries 
combined (P=0.0018); males in the R cemetery (P=0.0105); females in the R cemetery (P=0.0146); 
males in the S cemetery (P=0.0459); females in the S cemetery (P=0.0404).  The frequency of dorsal 
enthesophytes in the combined cemeteries demonstrates a significant correlation with increasing age in 
a logistical regression (P=0.02), but not in a chi-square test (P=0.1143) (See Figure 6.4: A and B).  
However, the frequency did not increase with age in any of the other subset analyses as it did with 
plantar spurs (all P >0.05).   
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A: 
 
 
B: 
 
 
Figure 6.3.  Both images depict the significant correlation between plantar enthesophytes and 
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increasing age.  A: Logistical Regression.  B: Graphical representation of frequency. 
 
A: 
 
 
 
B: 
 
Figure 6.4. Both images depict the correlation between Dorsal enthesophytes and increasing age.  A: 
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Logistical Regression.  B: Graphical representation of frequency. 
 
 Out of 98 individuals, 50 exhibited plantar heel spurs (51%) and 35 displayed dorsal heel spurs 
(35.7%).  There was no significant difference in plantar enthesophyte prevalence between the two 
cemeteries, with 27 (54%) individuals in the mainland (R) cemetery and 23 (56.3%) in the island (S) 
cemetery possessing plantar spurs (chi-square=0.363; P=0.5470) (See Figure 6.5: A and B).   Dorsal 
exostoses demonstrated a significant difference between the cemeteries, with 11 persons in the R 
cemetery and 24 individuals in the S cemetery having spurs (22% and 50%, respectively) (chi-
square=8.363; P=0.0019) (See figure 6.6: A and B), and a medium effect size (Phi=0.29).   
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Figure 6.5.  Inferior enthesophytes by site and prevalence.  A: Contingency table.  B: Graphical 
representation of frequency (chi-square=0.363; P=0.5470). 
A: 
 
 
 
 
B: 
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Figure 6.6.  Dorsal enthesophytes by site and prevalence. A: Contingency table.  B: Graphical 
representation of frequency (chi-square=8.363; P=0.0019). 
 Several analyses were performed that focused on the prevalence and type of heel spurs present 
among males and females in each cemetery.  When the R and S cemeteries were combined, plantar 
spurs exhibited a significant difference (chi-square=3.294; P=0.0347) with a small to medium effect 
(Phi=0.18) between the sexes, with females possessing more than males (females = 30, males = 20) 
(See Figure 6.7: A and B).  For dorsal spurs, the prevalence was nearly equal, and therefore showed no 
significant difference (chi-square=0.131; P=0.3588), with females and males exhibiting 17 and 18, 
respectively (See Figure 6.8: A and B).  
 Another set of analyses were conducted on both types of exostoses present in each individual 
cemetery when comparing males and females.  The R cemetery demonstrated a significant difference in 
plantar spurs between females (16) and males (11) (chi-square=2.013; P=0.078; Phi=0.20) (See Figure 
6.9: A and B).  All other tests conducted in this subset of analyses displayed a lack of significant 
differences between categories: plantar spurs in females (14) and males (9) from the S cemetery (chi-
square=1.366; P=0.1212), though this grouping did show a small to medium effect (Phi=0.17); dorsal 
spurs in females (6) and males (5) from the R cemetery (chi-square=0.117; P=0.3664) which exhibited 
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no effect; dorsal spurs in females (11) and males (13) from the S cemetery (chi-square=0.751; 
P=0.1930) which displayed a small effect (Phi=0.13).  In females, there was also no significant 
difference in plantar spurs when comparing the two cemeteries (R cemetery: 16; S cemetery: 14) (chi-
square=0.333; P=0.2818).  Males lacked an association, as well (R cemetery: 11; S cemetery: 9) (chi-
square=0.117; P=0.3662).  Dorsal spurs in females approached significance when compared between 
the two cemeteries (R cemetery: 6; S cemetery: 11) (chi-square=2.228; P=0.0677); whereas males 
compared between cemeteries showed a highly significant difference (R cemetery: 5; S cemetery: 13) 
(chi-square=6.817; P=0.0045) (See Figure 6.10: A and B, respectively). 
 
 
A: 
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Figure 6.7. These images depict the prevalence of plantar spurs in males and females when both 
cemeteries are combined.  A: Contingency table.  B: Graphical representation of frequency (chi-
square=3.294; P=0.0347). 
A: 
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Figure 6.8. These images depict the prevalence of dorsal spurs in males and females when both 
cemeteries are combined.  A: Contingency table.  B: Graphical representation of frequency (chi-
square=0.131; P=0.3588). 
A: 
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Figure 6.9. These images depict the prevalence of plantar spurs in males and females in the mainland 
(R) cemetery.  A: Contingency table.  B: Graphical representation of frequency (chi-square=2.013; 
P=0.078). 
A: 
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B: 
 
 
 
 
 
 
Figure 6.10.  Both images depict the prevalence of dorsal spurs from both sites.  A: Females (chi-
square=2.228; P=0.0677).  B: Males (chi-square=6.817; P=0.0045). 
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Discussion 
 
 
7.1 Chapter Overview 
 This chapter discusses the data on calcaneal exostoses obtained from the remains of Kulubnarti 
and offers interpretations.  The results of several statistical analyses, some of which revealed significant 
relationships, are discussed in relation to the hypotheses put forth in this investigation.  Additionally, 
this chapter examines the use of bioarchaeology as a tool for the reconstruction of activity patterns. 
 
 
7.2 Introduction 
 The first purpose of this investigation was to compare the frequency and demographics of 
calcaneal enthesophytes between modern-day Western populations and the inhabitants of medieval 
Nubian Kulubnarti.  Due to the differing environments and activity patterns between the study groups, 
demonstrating a significant difference in heel spur prevalence and in the demographics of afflicted 
individuals allowed for speculation as to whether these aspects may be correlated with the formation of 
heel spurs.  However, environment and activity patterns were unable to be controlled for and thus 
neither variable can be discounted.  The statistical differences in prevalence, though, may be suggestive 
of environmental etiological influences, whereas frequency variations in the type of enthesophyte may 
be more suggestive of activity-related developmental factors. 
 This study also aimed to uncover activity patterns at Kulubnarti between the two cemeteries and 
between the sexes.   The identical topography of the island and mainland populations allowed for a 
unique opportunity to control for environment, thereby limiting interpretations to variation in activity 
between the two sites.  The prevalence and demographics of dorsal spurs were especially valuable to 
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these analyses due to their suspected activity-related origin.  The differences observed may suggest the 
amount of activity these groups engaged in and provide support for an etiological culprit.   
 
 
7.3 Plantar Spur Size 
 Of the numerous statistical tests performed, the measurements on severity (length) of inferior 
enthesophytes were expected to reveal the intensity of trauma placed on pedal entheses, due to higher 
and repetitive stresses over time provoking a greater need to ossify the attachments, thus forming more 
severe spurs.  This would have been evident in a positive correlation between increasing exostosis 
length and advancing age; however, there was no relationship present.  The additional workload 
undertaken by individuals in the island (S) cemetery compared to the mainland (R) cemetery was also 
predicted to evoke larger heel spurs, but this result was not observed either.  In fact, the lengths of 
calcanei and heel exostoses displayed a significant correlation in the R cemetery, whereas in the S 
cemetery they did not.  This relationship between calcanei and plantar spur length in the R cemetery 
suggests that body size may have an effect on severity, while the lack of correlation in the S cemetery 
may be suggestive of sources other than body size, such as activity patterns.  There was also no 
significant difference in enthesophyte size between the two sexes.  Females and males exhibited, on 
average, a similar length of inferior spurs.  It was also discovered that the average length of calcanei 
between males and females varied significantly, with males possessing longer heel bones.  These 
differing lengths of calcanei between the sexes, but not significantly different plantar spur lengths, may 
be evidence of females having longer relative spur lengths (higher severity).  Indeed, females possess 
exostoses more often than males.  More research would need to be conducted to determine if the 
calcaneus to heel spur ratio implies a correlation with severity of trauma.  Overall, the results from this 
set of analyses elicited contradictory findings which, ultimately, did not support or refute the hypothesis 
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predicting that spur length and level of trauma are related. 
 
 
7.4 Age-related Variation  
 Age was discovered to be correlated with plantar exostosis prevalence but not dorsal exostosis 
prevalence.  Kulubnarti individuals were combined from both cemeteries and then divided by age into 
ten year increments (20s, 30s, 40s, 50s).  Logistical regressions and contingency tests performed on 
inferior spurs demonstrated a marked increase in enthesophyte presence with each increasing decade in 
all groups assessed (i.e. females, males, R cemetery, and S cemetery).  These results are consistent with 
the clinical research on modern populations which display a higher frequency of plantar spurs in older 
individuals (Kumai and Benjamin, 2002; Menz et al., 2008; Tuomi et al., 2014).  The escalation in 
prevalence with age suggests that degenerative changes may be a causal factor in formation.  Whether 
this is due to normal age-related processes or other co-morbid factors is unknown.  Several studies 
discussed earlier speculated as to the degenerative variables operating, such as Menz et al. (2008) and 
Kumai and Benjamin (2002), who noted that enthesophytes were more common in individuals with 
osteoarthritis.  Onwuanyi (2000) and Ozdemir et al. (2004) found that degeneration of the heel fat pad 
occurs with advancing age and is related to heel spurs.  The findings of this study also suggest 
degeneration as a developmental factor.  Furthermore, based upon the excessive trauma endured by the 
Kulubnarti population, such degenerative changes may stem from an accumulation of pedal stress 
endured over a lifetime, resulting in a higher frequency of inferior exostoses. 
 The hypothesis that spur formation is trauma-related is supported by the data in this study.  
There was a greater frequency of plantar enthesophytes, both in older individuals and in younger age 
groups, than in modern populations.  Clinical research on contemporary subjects has demonstrated a 
consistent peak occurrence of inferior heel spurs between the ages of 50-70, such as Banadda et al. 
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(1992) who discovered a peak rate at the age of 50.  Benjamin et al. (2006) noted a marked escalation 
after age 60 and Tuomi et al. (2014) found it to be at 70 in females and older in males.  Kulubnarti 
individuals regularly exhibited exostoses in their 30's and 40's, and a small number possessed spurs in 
their 20's.  The patterning in the data suggest an increase in enthesophyte prevalence between the 20's 
and 30's, another distinct rise from the 30's to 40's, and then a minimal increase moving into the 50's 
age bracket.  As illustrated, this presence and frequency of plantar spurs in younger age groups is in 
stark contrast to the typically much older demographics in which development occurs in modern 
populations.  The formation of heel spurs at Kulubnarti may have been stimulated by the abnormally 
high pedal forces that the people were subjected to beginning at a young age.  In theory, these stresses 
would provoke protective ossification earlier in life than is normally seen in contemporary populations.  
From these findings it may be speculated that the harsh terrain and more intense activities endured by 
Kulubnarti individuals as children and continuing throughout their lives may have provoked 
calcification at younger ages. 
 Conversely, this study revealed a lack of correlation between the prevalence of Achilles tendon 
spurs and age.  The frequency of dorsal exostoses across all four age brackets was tested in a logistical 
regression and a contingency table.  The logistical regression displayed a significant relationship, 
whereas the contingency table did not.  In all subsets of these age groups (i.e. females, males, R 
cemetery, S cemetery) there was no correlation between dorsal spur prevalence and age.  The 
significance displayed in the logistical regression, but not the other subanalyses, is likely due to the 
effect of a large sample size, rather than a true relationship.  The data exhibit a marked rise in spurs 
from the 20's into the 30's, staying nearly equal progressing into the 40's, and then the frequency 
decreases once the 50's are reached.  This pattern suggests that dorsal enthesophytes are not 
etiologically related to degenerative disease, and therefore, may be associated with different 
developmental factors than plantar exostoses.  This notion is supported by the clinical literature which 
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speculates that dorsal spurs are activity-related, while inferior spurs are attributed to obesity, standing 
for long periods of time on hard surfaces, and a more sedentary lifestyle (Weiss, 2012).  Both of these 
types of stresses produce microtrauma and macrotrauma.  If trauma is the source, then it could be 
assumed that an accumulation of pedal stress over a lifetime would stimulate degeneration.  This is 
especially true if the activity in question were to involve repetitive high impacts, which is suspected for 
dorsal spurs due to the higher prevalence observed in runners.  This seeming contradiction may suggest 
that Achilles tendon exostosis formation is not trauma-related, may be due to a number of factors, or 
that certain activity patterns are responsible.  The specific forces acting upon the enthesis may also 
affect the prevalence and age correlations.  Nevertheless, the lower life expectancy and resultant small 
sample size of older individuals at Kulubnarti must be considered in these interpretations.  
 
 
7.5 Kulubnarti vs. Modern  
 The prevalence of inferior and dorsal enthesophytes at Kulubnarti was significantly higher than 
that observed in the majority of modern, historical, and archaeological investigations.  Out of 98 
Kulubnarti individuals, 50 displayed inferior heel spurs (51%).  To my knowledge, this is the highest 
frequency revealed in any study examining the same age groups used in this investigation; and it far 
exceeds the average 11-16% prevalence in modern-day populations (Weiss, 2012).  The several studies 
citing a greater frequency than that seen at Kulubnarti focused on specific groups of people with 
preexisting co-morbid factors or conditions known to be highly correlated with heel spurs.  For 
instance, Menz et al. (2008) inspected 216 individuals ranging in age from 62-94 years and discovered 
55% exhibited a plantar exostosis.  Onwuanyi et al. (2000) analyzed 123 individuals with heel pain in 
which 78% (96) were deemed overweight and found 50% to display an inferior spur.  These 
investigations included biased samples in which high enthesophyte prevalence was predicted.  Yet, the 
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frequencies observed in individuals from Kulubnarti rivaled these other studies and were largely based 
on demographics that are not considered to be high risk.   
 Achilles tendon spurs were found in 35 Kulubnarti individuals (35%).  Although this amount is 
lower than the number of plantar exostoses discovered in the sample, it also exceeds the amount 
observed in the majority of investigations on modern populations.  For example, Galera and Galera 
(1993) noted that out of 70 individuals, only 11 (15%) possessed an Achilles tendon spur.  Weiss (2012) 
identified 29 (24%) persons with dorsal exostoses out of 117.  The studies citing larger Achilles spur 
frequencies examined non-random population samples or combined the total number of both types of 
spurs resulting in a higher prevalence, as well.  Tuomi et al. (2014) inspected individuals from a trauma 
clinic and reported that 38% of people exhibited either an inferior or Achilles tendon spur and 11% 
displayed both.  In the study conducted by Menz et al. (2008) (mentioned above), 48% of persons 
possessed a dorsal exostosis.  Once again, the high prevalence at Kulubnarti is noteworthy as the results 
are derived from the entire population rather than from a high-risk subset. 
  The abnormally high prevalence of inferior and dorsal spurs observed at Kulubnarti supports a 
stress-related developmental theory.  The combination of an active lifestyle and extremely harsh terrain 
present at the site is unique and would have promoted enthesis strain in the form of daily pedal 
microtrauma interspersed with occasional macrotrauma.  The repetitive pull on the calcaneus and 
associated attachments would likely have provoked ossification, resulting in the higher heel spur rates 
observed.  This is supported by the highly contrasting lifestyle and terrain of modern-day populations 
which exhibit much lower plantar spur rates (average 11-16%) (Weiss, 2012).  Contemporary societies 
generally adhere to a more inactive lifestyle, and the terrain is largely comprised of hard, flat surfaces.  
These conditions exert stress on pedal elements; however, the strain likely differs in the specific forces 
and intensity endured by the people of Kulubnarti.  Thus, the overall variation in environment and 
activity and associated pedal stresses experienced between Kulubnarti inhabitants and modern-day 
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populations suggests such stresses to be a factor in calcaneal exostosis formation.  
 
 
7.6. Variation by Cemetery 
 All 98 individuals were included in analyses conducted on the frequency and type of calcaneal 
enthesophytes present in the S and R cemeteries with both sexes grouped together.  These tests found 
no significant difference in the prevalence of plantar exostoses between the two cemeteries, while 
dorsal enthesophytes exhibited a highly significant difference.  The identical topography of the two 
sites suggests that the difference stems from varying activity patterns between the island (S cemetery) 
and mainland (R cemetery).  This disparity may be due to the S cemetery comprising the society's work 
force and consequently, the individuals engaged in more and higher impact activities than their 
landholding mainland counterparts.  The high prevalence of plantar spurs observed suggests that both 
populations were subjected to the stresses responsible for forming that type of spur, but the lack of 
significant difference between the two cemeteries may imply that inferior spurs are not activity-related 
and, rather, are due to age-related degeneration or more modern characteristics like obesity and long 
periods of standing.   
 
 
7.7 Sex-related Variation 
 Several tests were performed that focused on the prevalence and type of heel spurs present 
among males and females in both cemeteries.  When the R and S cemeteries were combined, plantar 
spurs exhibited a significant difference between the sexes, with females possessing more than males 
(females = 30, males = 20).  For dorsal spurs, the frequency was nearly equal, and therefore showed no 
significant difference, with females and males exhibiting 17 and 18, respectively.  Another set of 
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analyses was conducted on both types of exostoses present in each individual cemetery (plantar spurs 
present in the R and S cemeteries when comparing females and males; dorsal spurs present in the R and 
S cemeteries when comparing females and males).  Of these, only inferior spurs in the R cemetery 
showed a significant difference between sexes, with females and males displaying 16 and 11, 
respectively.  This test, and two others (plantar spurs in the S cemetery, and dorsal spurs in the R 
cemetery) showed females with a higher total number of enthesophytes than males, though these latter 
two results were not considered significant.  In the majority of analyses pertaining to sex and heel spur 
prevalence in this study, whether the test was deemed significant or not, females displayed a higher 
frequency of both types of exostoses.  This is a typical finding in modern literature, though numerous 
studies have found no significant sex disparity, as well (Banadda et al., 1992; Fakharian and Kalhor, 
2006; Cermak and Kirchengast, 2015, Menz et al., 2008).  If heel spur formation is, indeed, related to 
pedal stress, the observed sex disparity may suggest that females and males at Kulubnarti were 
engaging in different types of activities or that women were participating in higher impact activities.  It 
is also possible that females may be more susceptible to heel spur formation or that trauma has no 
influence and the disparities observed are due to undetermined factors.  An element to consider in this 
situation is that females may possess proportionally longer heel spurs than males when comparing 
calcaneus size (as discussed above).  These results may be indirect evidence of etiological meaning in 
the sex disparities. 
 There were also tests conducted that examined the prevalence of both types of enthesophytes in 
males and females in order to determine a significant difference between the cemeteries (plantar spurs 
present in males and females when comparing the R and S cemeteries; and dorsal spurs present in 
males and females when comparing the R and S cemeteries).  The tests on inferior exostoses 
demonstrated no significant difference between the cemeteries in males or females, and in the analyses 
on dorsal spurs, the higher number of females with spurs in the S cemetery only approached and did 
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not reach significance.  Dorsal spur prevalence was significantly higher in males in the S cemetery than 
in the R cemetery.  These findings again suggest that greater pedal stresses were exerted on the 
calcaneal entheses of individuals in the S cemetery than persons in the R cemetery.  Given the shared 
environment, this is additional evidence of a difference in activity patterns between the two cemeteries.  
It also supports the contention that the S cemetery was an economically and socially distinct group or 
underclass of Kulubnarti. 
 
   
7.8 Bioarchaeological Implications 
 This study utilized bioarchaeological analyses of calcaneal pathology to aid in reconstructing 
the activity patterns and the amount of pedal trauma endured by the people of Kulubnarti.  Based upon 
the prevalence and demographics of heel enthesophytes in the population, inferences could be made 
concerning activity patterns and environment, as well as about the population as a whole and groups 
within it.  The data also lent credence to other hypotheses put forth by scholars, such as the island being 
comprised of the working class.  The analyses used in this investigation demonstrate the potential 
importance and utility in adding the examination of dorsal spurs in connection with activity patterns to 
the bioarchaeological toolkit.  These techniques can help derive conclusions from the calcanei of past 
civilizations and supplement the archaeological record, as well as provide information for modern 
researchers.  
 
 
 
7.9. Chapter Summary 
 Overall, the findings of this investigation suggest calcaneal enthesophytes may be etiologically 
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correlated to repetitive trauma and degenerative changes, without discounting other possible formative 
factors.  The rough topography of Kulubnarti likely placed excessive stress on the pedal entheses of the 
population on a daily basis, punctuated by occasional macrotrauma like accidental falls, provoking high 
numbers of heel spurs starting at a young age.  This hypothesis is supported by the lower prevalence 
and later onset in afflicted contemporary populations, who are generally not subjected to very rough 
terrain or active lifestyles.  The significantly higher prevalence of dorsal spurs in the S cemetery also 
suggests that there was variation in activity patterns between the two cemeteries.  This variation may be 
attributed to the S cemetery comprising the underclass of Kulubnarti society.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter 8 
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Conclusion 
 
 The results of this study suggest that micro and macrotrauma may be leading etiological factors 
in the formation of calcaneal enthesophytes.  These causes have long been suspected in the clinical 
literature due to the over-representation of heel spurs in certain demographics associated with a modern 
lifestyle, such as the obese.  Accordingly, plantar spurs have been considered a modern phenomenon, 
barring a few historical studies implying otherwise.  The data from this investigation has demonstrated 
that enthesophytes are not a contemporary condition, and in fact, may be quite prevalent in 
archaeological populations, as they are in the medieval inhabitants of Kulubnarti.  Future research 
could examine the current population of Kulubnarti in order to determine if they suffer from the same 
level of affliction as their ancestors.  This could provide corroborating evidence on the effect of harsh 
terrain on pedal elements and if a connection exists with heel spur development.  It would also be 
interesting to review the trauma records created by Kilgore et al. (1997) and Burrel et al. (1986) in 
which individuals at Kulubnarti exhibited macrotrauma injuries.  This information could be cross-
referenced against the enthesophyte data from this study to determine if a relationship exists between 
severe trauma and the prevalence of enthesophytes.  Further research could focus on other populations 
prone to high levels of trauma, particularly societies which also lived in harsh topographical 
environments.   
 Additionally, this study demonstrated the usefulness of bioarchaeological analyses.  These 
techniques have been shown to aid in the reconstruction of societal factors, such as diet and health.  
However, their applications are severely underutilized in calcaneal pathology research.  The study of 
calcaneal features can provide a unique ability to reconstruct activity patterns of past populations.  
Thus, the use of these analyses can provide valuable information to the archaeological record and offer 
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an important tool for bioarchaeologists. 
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